ABSTRACT The immune response to P-galactosidase (1f-D-galactoside galactohydrolase; EC 3.2.1.23) is characterized by a wave of early help followed by a wave of suppression to a subsequent in vitro challenge with galactosidase-fluorescein.
Some experimental evidence exists suggesting that subregions of a molecule may regulate the immune response to the entire antigen. Hill and Sercarz (1) have suggested that a single epitope differing in two closely related lysozymes can determine responsiveness in H-2b mice. Swanborg and coworkers (2, 3) and others (4) have demonstrated that the antigen, myelin basic protein, which can induce the disease experimental allergic encephalomyelitis, can be cleaved into distinct regions, one of which can cause the -encephalitis and another of which can specifically turn on suppressor cells which prevent the disease upon subsequent challenge with myelin basic protein.
These data strongly suggest that certain epitopes may be able to activate only one of the major subfractions of T cells, helpers or suppressors. In this report, we describe a system in which a cyanogen bromide cleavage peptide of 13- (8) .
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Briefly, 10 mg of antigen in I ml of carbonate buffer (pH 9.5) was mixed with 300 ,tg of solid fluorescein isothiocyanate and the reaction continued for 6 hr at room temperature. The reaction was stopped by passage over Sephadex G-25 to separate the conjugate from the uncoupled fluorescein. FL21-galactosidase and FL48-KLH were the preparations used throughout these experiments.
Immunizations. One hundred micrograms of fl-galactosidase, 100Mg of KLH, or 5 ug of cyanogen bromide peptides were emulsified in complete Freund's adjuvant (Gibco) and injected intraperitoneally at various times prior to spleen culture.
Cell Culture and Plaque Assay. Spleens were removed and cells cultured by the method of Mishell and Dutton (9) . The antigen dose in vitro was routinely 1 Anti-Theta Treatment. AKR/J mice were immunized with CBA/J thymocytes weekly in increasing doses of cells from 1 X 107 the first week to 4 X 107 the fourth and subsequent weeks. Serial bleedings were taken and titrated by the procedure described by Raff (12) Fowler and I. Zabin, unpublished). In order to see whether subregions of (3-galactosidase could modulate the in vitro anti-hapten response to galactosidase-FL, these three cyanogen bromide peptides were injected into different sets of CBA/J mice 7 days before their spleens were removed for culture in vitro. As Fig. 1 shows, two of the peptides tested had little effect on the subsequent galactosidase-FL response. However, mice primed with CB2 7 days earlier had a greatly reduced ability to respond to galactosidase-FL in vitro. The level of CB2 suppression approximated ,B-galactosidase suppresion in each of eight experiments.
One hundred micrograms of fl-galactosidase is the optimal dose for inducing the suppression, both in an adoptive transfer and an in vitro culture system (6, 15) . Doses of CB2 in the same molar dose range were examined for their ability to induce suppression. Each of the three doses tested (Table 1) f3-galactosidase. When mice were primed with CB2, they failed to give the early help response. Table 2 shows that 3 days after priming with CB2, there was no increase in the response to galactosidase-FL compared to that in normal spleens, but by day 7, there was an absence of responsiveness.
T-Cell Dependence of CB2 Suppression. To determine whether the CB2 effect was truly suppressive and related to T cells, we mixed spleen cells from CB2-primed mice with normal spleen cells, both before and after treatment with anti-theta serum and complement. It is clear from the single experiment in Table 3 that the spleen cells from the CB2-primed mice were capable of turning off the response by normal cells. Anti-theta treatment alleviated the suppression and restored the response. In other unpublished experiments, using anti-Ly sera (16, 17) , the suppressive cells were also shown to belong to a T-cell subpopulation.
Specificity of Suppression. The specificity of the suppression was tested (Table 4) . Different mice were injected intraperitoneally with CB2, f3-galactosidase, or KLH in complete Freund's adjuvant 7 days before their spleens were cultured. The in vitro responses to galactosidase-FL, KLH-FL, and sheep erythrocytes were examined. The anti-fluorescein response to KLH-FL, and the anti-sheep erythrocyte response were unaffected by CB2 priming, while the response to galactosidase-FL was severely depressed.
Moreover, even if soluble ,-galactosidase was added to cultures of CB2-primed cells challenged with KLH-FL, a normal anti-fluorescein response ensued. This suggests that no soluble mediators are released that might nonspecifically suppress unrelated responses.
DISCUSSION
Transmission of Suppressive Effect from One Determinant throughout the Molecule. We have shown that CB2, a peptide of fi-galactosidase comprising 9% of its sequence, can be responsible for elicting suppressor cells which will affect the response to any determinant attached to the entire fl-galactosidase molecule. This suppression is anti-theta sensitive, antigen A similar situation appears to exist in several systems of genetic control of immune responsiveness, in which carrier-induced suppression seems to be exaggerated so that the suppression is quite prolonged. Hill and Sercarz (1) have shown that the H-2b mouse strain is nonresponsive to chicken lysozyme but highly responsive to Japanese quail lysozyme. These two lysozymes differ by six amino acid residues, all of which cluster on one side of the molecule. Here a signal generated by a key suppressive determinant on chicken lysozyme, but not present on quail lysozyme, affects T-helpers directed against other parts of chicken lysozyme. A somewhat similar case has been reported (18, 19) in which a polypeptide of glutamic acid and alanine, which is immunogenic in H-2s mice, is converted into a nonimmunogenic peptide for this strain by the addition of 4-10% tyrosyl residues. In our system, we assume that a minority of putative "suppressor determinants" on 3-galactosidase offset the majority of fl-galactosidase helper determinants.
Other Systems Exhibiting Suppressive Antigenic Determinants. The regulatory role of key determinants has also been reported in other systems in which suppressor cells play a role, both in generation of anti-hapten responses (20) and where certain cyanogen bromide peptides from myelin basic protein affect the autoimmune process differentially, some causing suppression of disease and others mimicking the entire protein in causing encephalomyelitis (2) (3) (4) .
Interaction between Helper and Suppressor T Cells after CB2 Priming. These data lend strong inferential support to a model involving T-T cell interaction. Since the CB2-primed suppressor cells seem to inactivate the potential responsiveness of T helper cells for the rest of the ,B-galactosidase molecule, a T-T interaction is suggested, presumably through the Ly subclasses of T cells (16, 17) .
We Fig. 2 . In this way, the decision about which of the T cells will be triggered by an antigenic determinant may be made at the surface membrane of a third-party cell. Di 
